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SUMMARY

Torsiontestsweremadeon a cylindricalsemimonocoqueshellof cir-
cularcrosssection.Thecylinderwasfirsttestedwithoata cutout,and
thenwitha rectangularcutoutwhichwassuccessivelyenlargedthrough
sixsizesvaryingfrom30°to 130°in circumferenceandfrom1 to2 bays
inlength.Strainmeasurementsweremadewithresistance-typewirestrain
gagesnearthecutoutonthestringers,theskin,andtheringsforeach
sizeof cutout,andthestressesobtainedarepresentedintables.

INTRODUCTION

Theproblemoffindingthestressdistributionaroundcutoutsin shell
structureshasbeenimportantfora longtimein thedesignof aircraft.
Nevertheless,goodexperimentaldatawhichcovera widerangeof design
parametershavenotasyetbeenpublished.In reference1, somedatafor
stressesaroundcutouts-aregivenfora seriesoftestsof
loadedby torqueordirectshear.Onlyshearstressesare
testsof thecylinderundertorqueloading,andonlyaxial
givenforthetestswithdirectshear,loading.Bothshear
stringerstressesarepresentedinreference2 forsimilar
cylinderhavinga pairof cutouts,oneoneitherside;but
changeof cutoutsizewasnotinvesti~ted.In references

a cylinder
givenforthe
stressesare
stressesand
testsofa
theeffectof
3 to~, stringer

strainsbutonlya limitednumberof shearstrainsarepresentedfora
seriesofpurebendingtestsof cylinderswithcutouts.

In ordertoprovidefurtherbasicexperimentaldata,anextensive
investigationofa semimonocoquecircularcylinderhavinga cutoutof
varyingsizeandsubjectedtovariousloadingconditionshasbeenunder-
taken.Thisinvestigationisintendedtoyielda fairlydetailedpicture
of stringerstress,shearintheskin,andringstresses,intheneighbor-
hoodofthecutoutfora cylinderloadedintorsion,purebending,and
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combinedshearandbending.Thepresentpapergivestheresultsforpure
torsionalloading.

TFSTSPECIMENANDPROCEDURE

Thetestcylinder,whichis showninfigure1,

—

consistedofa 24S-T
aluminum-alloyskin0.051inchthick,36 external3/4x 3/4X 3/32angle
stringerswithcross-sectionalsreaof0..1373squareinch,and8 equally
spaced24S-Taluminum-alloyZ-sectionrings‘withcross-sectionalareaof
0.4413squareinch.Theringsweremadeof l/8-inchsheetandwere2
inchesdeepwithl-inchflanges.‘Afteran initialtestof thecylinder
withouta cutout,theseriesof cutouttests,beganwitha cutout1 bay
inlengthby 30°in circumf&rence.‘In foursucceedingtests,thecutouts
were1 baylongandvariedup to 130°in circumference.A finaltestwas
madewitha.cutout2 bayslongby 130°incircumference.Thesizeofthe
cutoutforeachtest’is’givenintable1.

Thecylinderwasmofitedon.ahea~ring whichwasbolted.toa rigid
support. Loadwasappliedtoa steelbulkheadat thetip.bymeansofa .
hydraulicjackactingona torque-loadingframe.(Seefig.2.)

BaldwinSR-4wirestraingagesmountednearthecutout”on,thestring-
ers,skin,andringswereusedforobtainingAllthestrainmeasurements.
TypeA-E?gageswereusedonthestringersandringsand@pe AR-1rosette
gageswereusedontheskin.Typicalgagemountingsareshowninfigure3,
Stringergagesweremountedalongt~ insidecornerofthestringerangle,
eitherat theringsorhalfwaybetweenrings.Rosettegagesweremounted

1 inchesfroma ring.eitherhalfwaybetweenringsor
%

In eachrosette,

twogagesmountedatanglesof 45°and135°to theaxisof thecylinder
wereusedtomeasuetheshearstrain.Ringgagesweremountedingroups
ofthreeunderthepointswherestringerscrossedtherings,andwere
mountednear.theneutralaxis.oftheringcrosssectionandonbothflanges.
Thegagepattern.infigure~(a)showsthelocationof.allthe.straingages
usedintests2 to 6. Thean- coordinate19 ismeasuredfromthe
centerlineofthecutout.Allthe.gagesshownwereusedinthetestwith
a 30°cutout1 baylong.Forsuccessivetestswitha cutout1 baylong,
thecutoutwasenlarged,byremovingpanelssymmetricallylocatedoneither
sideofthelongitudinalcenterline.Allgagesnotcutawaybyenlarging
thecutoutwereusedinthenexttest.Thegagepatternfortest7,with
a 130°cutout2 bayslong,is showninfigure4(b).

In eachtest,themaximnnloadwaschosentomakethemosthighly
strainedgageindicateabout10,000psitensionor compression.

.
This

valuewaswellbelowthebucklingloadineachteslibutwasconsidered
highenoughtoavoidthelargerelativeerrorsassociatedwithmeasurements .
ofverysmallstrains.



l’wellm 3039 3

About300to kOOgageswerereadineachtest,buttheequipment
availablepermittedonly$3 gagestobe readat onetime.Theprocedure
wasas follows:A groupofapproximately80 gageswasreadat eachof
foursuccessivelyhigherloads;thenthefirstloadwasrepeatedasa
check.If forsomegagestheoriginalreadingandthecheckreading
differedbymorethanabout100psithedataforthosegageswererejected
anda test wasperformedforthosegagesonly.Testingcontinueduntil
satisfactorycheckswereobtained.If thetemperaturevsriedmorethan
1°F duringa testrun,theentirerunwasrepeated.Thererunsrequired
onlya smallportionofthetotaltestingtime.Aftersatisfactorydata
wereobtainedfora groupof gages,anothersetofabout80 gageswas
readandthetestingcontinueduntilallthegageshadbeenread.

DATAREDUCTIONANDACCURKY

Foreachtest,loadwasplottedagainststrainforeachgageand
theslopeofa straightlinethroughthetestpointsdeterminedthevalue
takenas thestrainat theuimum testload.Strainswereconvertedto
stresseswithYoungrsmodulustakenas 10,@0,000psiandtheshearmodulus
as 4,000,000psi. Tensionisconsideredpositivefornormalstressesand
a clockwisetiptorqueproducespositiveshearstressesintheskin.

Allresultswerereferredto onequadrantbecauseof symmetry;conse-
quently,whenpossible,datafromgagesinvariousquadrantswereaveraged.
Thestrain-gagelayoutsshowninfigure4 indicatehowmuchaveragingwas
possible.Thefinalstresseswereallreducedto correspondtoa torque
of @,000 inch-pounds,whichwasthema.xinnmloadfortest7.

Errorsinmeasuringtheappliedloadincludeanuncertaintyof 1
percentinthejackloadanda small.smountoffrictionin theloading
frame.Inaddition,thestraingagesmayhaveinaccuraciesof200psi
at theloadsoftheactualtestsor3 percent,whicheverislarger.How-
ever,theagrementbetweenresultsinfourquadrantsindicatedthatthe
strain-gageerrorswereusuallyconsiderablylessthantheseamounts,
andtheresultspresentedarebetterthanindividualgagedatabecause
of theaveraging.Theappliedtorquecalculatedfromthejackloadand
thatcalculatedfromtheshears-tressesalwaysagreedwithinabout5 per-
cent,andusu&lJywithin2 percent.

RESULTS

Experimentalstressesobtainedby theproceduresdescribedinthe
precedingsectionsarepresentedintables2 to7. Theactualmaximum
loadusedineachtestisnotedinthetables.Stressdistributionsfor
allsixof thecutouttestsaregivenin thesetables,eachofwhichhas
fourparts.Stringerstressesaregiveninpart(a)ofeachtableand

—. _——.——
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shearstressessrepresentedinpart(b). An initialtestof thecylinder
withouta cutoutshowedthatthestresseswereverycloseto thosegiven
by elementarytheory.Consequently,inallofthecutouttests,“shear
stressesduetocutoutonly”werecalculatedby subtractingtheaverage
shearstressforno cutout,as determinedby theBredtfomn~a,fromthe
measuredstresses.“Shearstressesdueto cutoutonly”arepresentedin
part(c). Finally,theringstressesarecontainedinpart(d)ofeach
table.

Generaltrendsof thestringerstressesandshear”stressesaro-und
thecutoutareshownpictoriallyinfigues5 and6. Stressescorresponding
to the30°cutoutaregiveninfigure5 andstresses”forthe$0°cutout
aregiveninfigure6. Eachfigurehasthreepartscorrespondingto
sections(a),(b),and(c)ofthetables.Thetestpoints,whichare
representedby theheightof theheavyverticallines,arejoinedby
straightlinesto givea pictorialviewofthestressfield.On the
figuresshowingshearstressesthelinesjoiningpointsonoppositesides
ofthecoamingstringernearthe,cutouthavebeendashedbecausea straight
lineisnotveryaccurate

Stressesobtainedin

intlhisregion.

CO~CLUDINGREMARKS

a seriesoftorsiontestsof a.stiffenedcylin-
dricalshellwitha cutoutarepresentedintablesforsixdifferent-sizes
afthecutout.Thedatapresentedareintendedprimarilyto serveasa
checkonmethodsofanalysisorasa guidetothedevelopmentof such
methods.Consequently,noattempthasbeenmadeinthispaperto inter-
pretthedataordrawconclusionstherefrom.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,August24,1953.



NACATN 3039 5
.-

D

.

.

1.Langhaar,Henry
Semimonocoque

REFERENms

L.,andSmith,Ckence R.: StressesinCylindrical
OpenBeams.Jour.Aero.Sci.,vol.14,no.4,

Apr.1947,pp. 211-220.

2. Henson,G.S.: StressDistributionNeara RectangularCut-Outina
ReinforcedCircularCylinderDue‘toDirectShearLoadingandTorque.
PartI -Test Results.Rep.No.71,CollegeofAero.,Cranfield
(British), Jan.1952.

3.Hoff,N. J.,andBoley,,BrunoA.: StressesinandGeneralInstability
ofMonocoqueCylindersWithCutouts.I –ExperimentalInvestigation
ofCylindersWith.aSymetricCutoutSubjectedtoPureBending.
NACATN1013,1946.

4.Hoff,N’.J.,Boley,BrunoA.,andViggiano,LouisR.: Stressesin
andGeneralInstabilityofMonocoqueCylindersWithCutouts.

– PureBendingTestsofCylinderswithSideCutout.NACA
~ =64, 1948.

5.Hoff,N. J.,BoleyyBrunoA.,andMele,JosephJ.: Stressesinand
GeneralInstabilityofMonocoqueCylfidersWithCutouts.
VII-ExperimentalInvestigationofCylindersHavingEitherLong
BottomCutoutsorSeriesofSideCutouts.NACATN 1962,1949.

.— —— -— _ .— ———————.—— .——— -—



6 NACATN 3039

TABLEl.-cuTmT SIZE

Test Lengthof Widthof
cutout,bays cutout,deg

1 None None

2 1 30

3 1 50

4 1 70

5 1 90

6 1 130

7 2. 130
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TABLE2.-STEMS= AROUNDCWTOUTOF300BY1BAYINCYIJ31DERLOADED

BY TORQUEOF60,000INCH-POUNDS(ACTUALTORQUELOAD,

300,000mH-Pomms)

(a)Sb5nger B@esBes,psi

15

45e,
deg

75

105

Distancefromcenterlineofcutout,in.

o .~” E’18’24 30

+ 1- —~— ——

I o- 146
I

31— 1,419—
~

595
I
295- 288

I 1“
o 3 .47
I
38— -J5 — -68
I I
32— -1.14— -101
I I
15— -125—
I

-107
1’

32— -78- -48
1, !

I

a=
--F’2

L20

L39
<

+ 3L08

42

14

— -18— -27—1

I =1o’”.
42— -23— -16— -36— -37

I

_—— —— ———— .— —
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, ‘I!ABLE2.- S!EUZSSJZ3AROUNDCUTOU1’OF30°BY1 BJUIN c!tZJN)EllLQKOED

BY

o

-1--

OF60,000INCH-POUNDS(ACTUALTORQUELOAD,

300,000INCH-POUNDS) - Continued

(b)Shearstresses,psi

Disbncefrom

6 12

/1,059-1,X27

centerlineof cutout,in.

18 24 30 36

1 1,338 l,oeh
15

1,1021,138487 705

I-,3671,183628 614

75
e,
deg

105

135

165

9 -1---882

809 I 854

I

778 799 827

9n. g22834 864

868 865%8 906 890817 861 829
—

802 808863 908
—

784 75717’98 879 848i854 886 882

r

807 79283A 833
—

838 7P 805

t ‘~

821
— -.—

849 836
.—- —.
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TABLE

15

45

e, 75
deg

105

135

165
.

2.-STIWSWAROUNDCUTOUTOF30°BY lEAY INCYLINDER

BY TORQUEOF60,000INCH-POUNDS(ACTUALTORQUELOAD,

(c)

o

+

300,000INCH-POUNDS)- Continued

Shearstressesdueto cutoutonly,psi

Distancefromcenterlineof cutout,in.

6 12 18 24 30 36

237— 295 — — —

5(% 252 89 50

370 306-345 -127
\
535 351-204 -21.8 -23 22

416 345-97 -123

263 252-68 -27 -54 -33 -5
I

139 902 32
I
36 3336 74 58-15 29 -3
I
-30 -2431 76

-48 -75-* 47 16 22 54 50

-25 -402 1

6 -40-27 37

I

-9

17 4

—..—— —.——— .—— —— - ——--— ——- —.
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TABLE2.-STRESSESAIKWNDCUTOUTOF 30°BY 1 BAYINCYLINDERLOADED

BYTORQUEOF60,000INCH-POUNDS(ACTUALTORQUELOAD,

300,000INCH-POUNDS)- Concluded

(d)Ringstresses,psi

&
/

Outer flange

? T-’ ,~’
I11

t’

4

+-

; B

1° 73

*’ ‘

c:1

~i+
I--I” J

0, deg A B c

5 104 lg2 142

15 74 385 438

25 -17 441 449

35 -140 322 w

45 -185 141 192

55 -146 -IL 27

65 -73 -97 -106

75 21 -162 -186

85 68 -148 -199

95 -115 -167
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.
TABLE3.-STREWESAROUNDCUTOUTOF50°BY1 BAYINCYZINDERLOADED

BYTCRQUEOF60,000INCH-POUNDS(ACTUALTORQUELOAD,

252,000nwx-pms )

(a)Stringerstresses,psi

Distancefromcenterlineof cutout,in.

o 6 12 18 24 30

+ —— T — — ——

Y
50 66

15 0 322
I

1*

o— 2,150 — 857 246

:0— 3A4— 332 ZL8

45 ;3—&. —
e, -26 I_48
deg I I

20— -219— -177 33
I I
o— -221— -197— -% — -18
I I

75 13— -179— -158 -59
I

;— -33—-42— -m — -90

105 I I I

,

.

. . ..— —._ —___ .—. —— __ ._
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TABLE3.-STRESSESmm CuTouTOF500BY1 BAYINCYILINDERLOADED

BYTORQUE

o

+

15

I
1,6261,x4

1,8141,554
45 l—

1,5341,446
t

1,2311,220
I

e, 75
deg

105

135

OF60,000INCH-POUNDS(ACTUALTORQUELOAD,

252,000~CH-POUNDS) - Conttiued

(b)Shearstresses,psi

Distxmcefrom

6 12

967— 1,048

centerlineofcutout,in.

18 24 30 36

—–––l––
–~.–—

1,032 1,062 956 901

1,488 1,079

296 %5 I 809 I 863

535 519

694 697 750 749 815

809 866

w 945830 828 I tYt7
}
823 824

E
‘p.O 704

I
766 757

839 812

165 r=
877 862

913 974I I

395 930 926912 914 883

967 856I I

917 I 869 I

824
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TABLE3.-STRESSESAROUNDCUTOUTOF50°BY1 BAYINCYLINDER
.

BYTORQUEOF60,000INCH-POUNDS(ACTUALTORQUELOAD,

252,000INCH-POUNDS) - Continued

(c)Shearstressesdueto cutoutonly,psi

15

45

El, 75
deg

105

135

“ 165

Distance

o 6

+
, &=-

fromcenterlineofcutout,in.

E 18 24 30

13

LOADED

36

200 230 124 69

656 247

794 672-536 -267 -23 31

982 722-297 -313

702 614-ly3 -135 -82 -83 -17

399 38$-23 *

183 16117 113-2 -4’ 15

-9 -881 142

-122 -12863 98 9480 82 51

-66 -7535 24

7 -20-15 37

-8

45 30

..— —— —.— .. —-— —— . .
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TABLE3.-STREMWSAROUNDCUTOUTOF~“ BY1BAYINCYLINDERLOADED

BYTORQUEOF60,000INCH-POUNDS(AC!TUALTORQUELOAD,

252,000INCH-POUNDS)- Concluded

(d)Ringstresses,psi

0, deg

5

15

25

35

45

55

65

75

85

95

i , Outer flange

LA1-+
In

A

3

81

-49

-201

-317

-291

-158

2

llg

227

B

245

695

751

7%

377

64

-180

-291

-315

-259

c

250

633

950

768

464

128

-169

-353

-418

-380

. .
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TABLE4.-STRESSESARUUNDCUTOUTOF700BY1 BAYINCYLINDERLOADED

.

.

I

BYTORQUEOF60,000INCH-POUNDS(ACTUAL

15

El,45
deg

75

105

204,002n?cH-PouNDs)

(a)Stringerstresses,psi

Distancefromcenterlineof

o 6 E 18

TORQUELOAD,

cutout,in.

24 30

+ 1-
0 39– – 68–
I

I 162
T

250

0 — 479 360
I

131— 2,890— 1,130 3%
I I
16— 302— 351 323
I I
19— -298— -182 153
I
25— -3;9— -339— -44 2
I
12— -;6 — -331 -83
I

I
28— -157— -lyl’— -187— -170

_ —— —— ----- —. —— —
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TABLE4.-

BY TORQUE

o

15

2,zLl 2,045
45 ~

2,3261,972

1,7751,717
I

1,2901,296
e, 75
deg

105

135

165

956

“i

631 593
I

659 623

t
806 724

gll 917

(

:

ARmcuTouT oF7’00BYIBAYm

NACATN3039

c’YImDERLOADED

3F60,000INCH-POUNDS(ACTUALTORQUELOAD,

~&,oooINCH-P-) - Continued

(b)Shearstresses,psi

Distahcefromcenterlineof cutout,in.

5 E 18 24 30 36

874— 849 — — —

897 13i3g 977 933

1,0411,032

1,6441,038 815 858

-53 427

401 428 641 682 750
.

682 71J_

849 901 895773 765 746

932 1,012
I I

945 1,0031,007923 928 I 844

924 878

790 854

7“74
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TABLE4.-STRESSESARouNDcuTouToF7@BYlw IN

BYTORQUEOF60,000INCH-POUNDS(ACTUALTORQUELOAD,

204,000INCH-POUNDS) - Continued

(c)Shearstressesdueto cutoutonly,psi

Distance

o 6

fromcenterlineof

12 18

cutout,

24

+

15 ,

in.

30

17

LOADED

36

_—

65 57 145 101

1209 200 I I
812 206 -17 26

r
1,3791,217-885 -405

45 I
1,4941,140431 -404 -191 -150 -82

943 885-150 -121

458 ML 17 69 63-59 -67 -%
‘J 75
deg 95 124100 180

-201 -239 I-I-3 lp 17591 96 E
105

-173 -20992 46

135
-26 -108-42 22

-58
165

79 85
I

._. _—. — ——— -–—--.— . _—.. ——
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TABLE4.-STRESSESAROUNDCUTOUTOF70°BY 1 BAYINCYLINDERLOADED

BYTORQUEOF60,000INCH-POUNDS(ACTUALTORQUELOAD,

204,000INCH-POUNDS)- Concluded

(d)Ringstresses,psi

& , Outer flange

e, deg

5

15

25

35

45

55

65

75

85

95

f-

/

r j’
I11

,, q’4
g

A

-159

-283

-lg2

-322

-384

-431

-314

-%

154

*1

B

281

793

1,163

1,1L6

876

316

-132

-k%

-535

-500

c

352

905

1,331

1,434

969

413

-139

-503

-P9

-no

_——
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. TABLE5.-STRESSESfmm CUTOUTOF90°BY1 RAYm CYLmm LOADED

BYTORQUEOF60,000INCH-POUNDS(AC’IIJAL

156,000mH-POUNDS)

(a)Stringerstresses,psi

TORQUELOAD,

Distancefromcenterlineof cutout,in.

o 6 E 18 24 30

+ 6 4-I
I

15 0 129 287
I I

o 287 425
I
o 703 XO
I

e, 45 147— 3,~7— 1,432 530
deg I

25— 260— 321 3P
I
37— -5;5— -347 85 — 133

75 ;3— -43 — -550 -92
I

;7— -342— -330— -367— -277

105 I I I

_—. . __ —.. —.
_——-. ——
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TABLE5.-sTRlHE3ARouNDcuTOuToF900mlBAYINcYLIIiDERLoADED

BYTORQUEOF60,000INCH-POUNDS(ACTUALTORQUELOAD,

156,000INCH-POUNDS) - Continued

(b)Shearstiesses,psi

Distance

o 6

fromcenterlineof cutout,in.

E 18 24 30 36

680~ – –~–7’89—+

15

I

815 750 982 982

896 875

45 L_
2,9792,768

2,9942,479
t

2,1071,~
75 ~

891 I 8861,093 l,og2

1,928 1,117

-362 324 642 673 776

294 364

686 753 764678 688 729

1,3311,3371926 1,CJ+71 I
deg

105

E
507 547

E
455 474

1,027 1,1441,139965 1,006 860

952 9551

E=135
829 878

165



.

NACATN3039

TABLE~.-STRIESESAROUNDCuTo’uTOF900

BYTORQUEOF60,000INCH-POUNDS

BY IBAYINCYIJNDER

(AC’IWLTORQUELOAD,

15

l’j6,000INCH-POUNDS)- Continued

(c)Shearstressesdueto cutoutonly,psi

Distancefromcenterlineof cutout,in.

o 6 K? 18 2h 30

I

4.5 L
2,147 1,936
I

2,1621,647

1,2751,141
75 1-

0, 499 505
deg

E
-325 -285

105

E
-377 -3!%

135 c
-129 -155

t

165 E=
104 93

21

36

-43— -152~– —~–

-17 -82 I 150 I 150

54 43

51 260 59

LjO$6 285

-1,194 +08

-538 -468

-190 -159 I -56

-146 -79 -68I-la -144 -103

195 312 3071133 174 28

-3 46

-62 ●

———.—— —.——— -.
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TABLE~.-STEU!SSESAROUNDCUTOUTOF90°BY1 BAYINCYLINDERLOADED

BYTORQD’EOF60,m nwx-pms (ACTUALTORQIJELam,

l%,000INCH-POUNDS) - Concluded

(d)Ringstresses,psi

e,deg A B c

5 -271 290 433

15 -620 891 1,191

25 -815 1,380 1,751

35 -500 1,648 1,919

45 -576 1,406 1,858

55 -488 909 991

65 -441 148 lyl

75 -191 -448 -572

85 101 -82 -1,064

95 458 -870 -1,191

-.
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.
TABLE6.-STRESSESAROUNDCUTOUTOF1300BY1 BAYINCYIJIOIERLOADED

BYTORQUEOF60,000INCH-POUNDS(ACTUALTORQUELOAD,

90,mo nWfI-PouNDs)

(a)Stringerstresses,psi

Distancefromcenterlineof cutout,in.

o 6 E 18 24 30

+ 1-

!
15

?
151 3P

273
7

356
I

— 355
Y

749

0, 45
Y

530 919
deg

o— 1,147 873

-467— 6,;62— 2,082— l,oa— 756
I I

75 y — 205— 103 368

I
I
141— 1,113— -1,440— -685— 499

105 I

.—— .— e-. — ._— — ————— -.—-—. -——-
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mm 6.-STRESSESAROUNDmUT OF130°BY1 BAYINCYLINDERLOADED

BYTORQUEOF60,000INCH-POUNDS(ACTUALTORQUELOAD,

90,000llKK-POUNDS)- Continued

(b)Shearstresses,psi

Distancefromcenterlineof cutout,in.

o 6 12 18 24 30 36

+ 551— 324

884 1,C4-4573 380
15

645 516

748 756
I

709 1,108

1,424 1,473

2,787 1,390

-1,077 55 613

129 640

L45
860 873

5,1914,734

4,4983,675

575 607 656
75

e,
deg

105

I
972 923 I 7611,115 1,2861,5461,2911,189

1,189 1,31788 77

135 I
220 179 1,024

165
G4 813



NACATN 3039

TABLE6.-STRESSES

0,
deg

AROUNDC!UTOUTOF1300BY1 BAYINCYLINDER

BYTORQUEOF60,00012WH-PUUNDS(ACTUALTORQUELOAD,

90,000INCH-POUNDS)- Continued

(c)Shearstressesdueto cutoutonly,psi

Distance

o 6

from

12

centerlineof cutout,in.

18 24 30

+

I

25

LOADED

36

,-281— -508‘~ – —-–

-259 -k52 52

-187 -316

I-84 -76
I

I -123 276
I I

I 1592 641
I I
I 11,955 558
1 I

55 83

4,3593,902-1,909-777 -219-257 -225 -176
75

3,6662,&3 -703 -l%

f
459 357283 454 514140 91 -71

105

-744 -755357 485

135
-6I2 -653135 lg2

-134
165

92 -19

———. ____ . .—-— ——— — ..—. —.. . ———— —



26 NACATN3039

TABLE6.-STRESSESAROUNDCUTOUTOF1300BY1 BAYINCYLINDERLOADED

BYTORQUEOF60,000INCH-POUNDS(ACTUALTORQUELOAD,

90,000INCH-POUNDS) - Concluded

(d)Ringstresses,psi

k , Outer flange

0, deg

5

15

25

35

45

55

65

75

85

95

A

-443

-1,197

-1,894

-2,208

-1,855

-795

-559

-1~

-27

461

Ld1-+
IIt

B

334

894

I,378

1,864

2,237

2,469

1,648

679

-516

-1,505

c

516

I,526

2,433

3,&5

3,253

2,783

2,x29

337

-1,135

-2,113

—— .



NACATN3039
.

.
TABLE7.-STRESSES

27

AROUNDCUTOUTOF130°BY2 BAYSINCYLINDERLOADED

BYTCIRQUEOF60,000INCH-POUNDS(ACTUALTORQUELOAD,

60,00012WH-POUNDS)

(a)Stringerstresses,psi

Distancef’rom”centerlineof cutout,in.

o 6 E 18 24 30

+ —~—
0 32– – o
I

15 0 166 509
I
o 265 848

I
I
o 466 1,124
I

e, 45 0 661 1,410
deg I

. o— 1,537 1,378

-9— 4,543— 9,;12— 3,685— 1,865— 1,473
I

75 -2$3— 350— 1,378— I,182 806

I,378—1,081—-1,495— -1,892— -784— -615

105 I I I

———____ ___ ._ . ———- — . ———z..



NACATN3039

OF1300BY2 RAYSm CYLINDERLOADED

BYTORQUEOF60,000INCH-POUNDS(ACTUALTORQUEIJMD,

60,000INCH-P-) - Continued

(b)Shearstresses,psi

Dis&ce fromcenterlineof cutout,in.

o 6 E 18 24 30

+–

15

I

45

3,4663,8f%3,697
75

e,
deg

105

135

165

4,1974,3473,131

1,9582,0971,792

441 585 531

268 74 227

391

453 268

362-o –

412 21.9 1,030

507 313 I
663 73.3 927

l,oa 1,160

1,71-51,879 991 950

3,749

-1,475‘-58 408503 453

-511 144

1,169 l,u.21,257746 684

I

1,483 1,514

1,051

—.



NACATN 3039 29

TABLE7.-STRESSESAROUNDCUTOUTOF1300BY2 BAYSINCYLINDERLOADED

BYTORQ?IEOF60,000INCH-POUNDS(ACTUALTORQUELOAD,

60,000INCH-POUNDS)- Continued

(c)Shearstressesdueto cutoutonly,psi

-..

.

.

e,
deg

15

45

75

105

135

165

ulst.anterromcenterlme Or cutout,in.

o 6 E 18 24 30

+- -470—-832 ‘–

-420 -613 198

-325 -519

I -169 -11.g 95

189 328

883 1,047 159 U8

2,917

?,6342,9742,865-2,307-890 -424I-329 -379

3,3653,5152,299-1,343 -688

1,x261,265 g60I337 280 425I-86 -148

-391 -247 -301651 682

-s -758 -605 Zlg

-441

-379 -564

—— ____ —.—. — -—- —. —. .—



30 NACATN3039

TABLE7.-STRESSESAROUNDCUTOUTOF130°BY2 BAYSINCYLINDERLOADED

BYTCRQUEOF60,000INCH-POUNDS(ACTUALTORQUELOAD,

60,000~~-P_ )- Concluded

(d)R- stiesses,psi

i

/

Outer flange

f- T’ j’
1°

t’

4

+- _

; B

L< ‘ !7

LdL+
I1,

e,deg

5

15

25

35

45

55

65

75

85

95i

A

-599

-1,713

-2,595

-2,890

-3,050

-1,956

-2,002

-838

-252

657

B

520

635

1,484

2,094

2,597

3,&2

1,590

1,483

1C6

-1,288

c

583

I,670

2,608

3,445

3,582

3,551

3,339

1,584

-242

-1,918

———_._ — ——.
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Figure 1.- Test specimen,



Figure2.- Loading system. L-69889



(a)Stringer and skin gages.

Figure

(b) Ring gages.

3.- Typical gage mountings.
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Figure 5.- Stress dlstrlbutlan, 30° cutaut.
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(b) Shear stresses.

Figure 5,- Continued.
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Figure 5.- Concluded.
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cutout, In.
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(b) Shear stresses.

Figure 6.- Continued.
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Figure 6.- Concluded.

line

36

f=
P


